Aboriginal and Torres Strait Islander women have significantly higher cervical cancer incidence and mortality than other Australian women. In this study, we assessed the documented delivery of cervical screening for women attending Indigenous Primary Health Care (PHC) centres across Australia and identified service-level factors associated with between-centre variation in screening coverage. We analysed 3801 clinical audit records for PHC clients aged 20-64 years from 135 Indigenous PHC centres participating in the Audit for Best Practice in Chronic Disease (ABCD) continuous quality improvement (CQI) program across five Australian states/territories during 2005 to 2014. Multilevel logistic regression models were used to identify service-level factors associated with screening, while accounting for differences in client-level factors. There was substantial variation in the proportion of clients who had a documented cervical screen in the previous two years across the participating PHC centres (median 50%, interquartile range (IQR): 29-67%), persisting over years and audit cycle. Centre-level factors explained 40% of the variation; client-level factors did not reduce the between-centre variation. Screening coverage was associated with longer time enrolled in the CQI program and very remote location. Indigenous PHC centres play an important role in providing cervical screening to Aboriginal and Torres Strait Islander women. Thus, their leadership is essential to ensure that Australia's public health commitment to the elimination of cervical cancer includes Aboriginal and Torres Strait Islander women. A sustained commitment to CQI may improve PHC centres delivery of cervical screening; however, factors that may impact on service delivery, such as organisational, geographical and environmental factors, warrant further investigation.
Introduction
Since the introduction of Australia's nationally organised cervical screening program (NCSP) in 1991, cervical cancer incidence and mortality rates have substantially decreased for Australian women [1, 2] . During 1991 to 2014, the national incidence rate fell from 18 cases to 7 cases per The protocol and planning of the ABCD project have been described in previous studies [9] [10] [11] . Briefly, the ABCD Partnership used a CQI approach to enhance health outcomes by assisting Indigenous PHC centres to assess and improve their systems for delivery of best-practice care, typically on an annual basis. Participating centres received automated reporting, training, and site support for conducting audits according to standard protocols, which was provided by One21Seventy, a not-for-profit agency affiliated with the ABCD Partnership [12] . The clinical audit tools cover various aspects of PHC including chronic illness care, child health, maternal health, preventive care, rheumatic heart disease and mental health. In total, 175 Indigenous PHC centres across five Australian states and territories participated in the ABCD Partnership. Of these, 135 centres used the preventive health audit tool, which includes cervical screening, and data from these services is included in the current study.
Data Collection
Over the period 2005-2014, participating centres used the Preventive Care audit tool [9] at least once and de-identified CQI audit data were provided by these centres to the ABCD Partnership for analysis. The purpose of this audit tool was to determine whether recommended preventive services were delivered to clients in the previous 24 months. The audit tool and parameters of the outcome measures were developed by an expert working group and based on evidence and best-practice guidelines. Clients were included in the audit if they: (1) were aged between 15 and 64 years; (2) were resident in the community for at least six of the last 12 months; (3) had no diagnosis of diabetes, hypertension, coronary heart disease, chronic heart failure, rheumatic heart disease or chronic kidney disease; (4) were not pregnant or were less than 6 weeks postpartum at the time of audit; (5) had a registered attendance at the PHC in the previous 24 months. All clients from participating centres were included in the audit if there were less than 30 eligible clients at that centre, but a random sample of at least 30 were selected if there were more than 30 eligible clients. Based on these criteria, clinical audit data were initially available for 8150 female clients.
To align with the NCSP two-year recommended screening interval that was current at the time of the study [1] , we aimed to quantify the proportion of women at each participating PHC centre who had biennial cervical screening tests. However, as records were de-identified, it was not possible to link individuals' records across audits. This introduced the potential for double counting of the same women across successive audit periods. Subsequently, when a centre had two consecutive audits within a two-year period, we retained only data from the first audit (excluding 3681 related audit records from consecutive audits). The NCSP's target age group at the time of the study was 20-69 years; subsequently, 640 audit records for PHC centre clients aged 15 to 19 years were excluded from the analysis. A further 28 women were excluded due to missing data. In total, 3801 female client records from 135 distinct Indigenous PHC centres were included in the final analysis.
PHC Centre Characteristics
Data collected about the centre characteristics included: year of audit, geographical location; jurisdiction; estimated number of Aboriginal and/or Torres Strait Islander people in the service area (hereafter referred to as population size); whether the centre was government-operated or community-controlled; and the total number of audits of the CQI program that the centre had participated in. The geographical location of each Indigenous PHC centre was categorized into very remote, remote and non-remote, using the Australian Standard Geographical Classification (AGSC) [13] . Population size was categorized as less than 500 people, 501-999 people, or equal to and more than 1000 people. Due to the small number of clients from some states and territories, this analysis does not report on screening by jurisdiction.
Client Characteristics
Client data included: age at the time of audit (in 5 year age groups); Indigenous status ('Aboriginal and Torres Strait Islander' and 'non-Indigenous'); time between the audit date and the most recent PHC attendance ("<6 months" and "≥6 months"); and whether the client had been first seen by an Aboriginal Health Worker (AHW) or another health professional at their last attendance. Date of last attendance recorded refers to the last PHC centre visit irrespective of the reason for the visit. This variable is included in the multivariable analysis as an indicator of patient engagement with their primary health care, which has been used in previous ABCD analyses. For consistency and comparability across ABCD analyses, we used the same cut-point for this measure. The type of staff member seen as the first point of contact at the last attendance is an indicator of involvement of Aboriginal and Torres Strait Islander health workers in clinical processes.
Outcome Measure
Women were classified as screened if they had a PHC record of a cervical screening test (i.e., a Pap smear) in the two-year audit period; all other eligible women from participating centres were classified as unscreened in that period.
Statistical Analysis
Stata (version 15) software (StataCorp, College Station, TX, USA) was used to perform the statistical analysis. We used unadjusted logistic regression to calculate crude odds ratios to describe the association between each of the centre and client characteristics and cervical screening. We then used multilevel logistic regression models to quantify the independent associations of each characteristic after adjusting for other characteristics in the model. This approach takes the clustered nature of the data into account (i.e., clients are nested within PHC centres) [14] . A sequential approach was used to develop the multilevel models and assess the contribution of each level to the variance explained [14] . First, we fit the "null" model with no explanatory variables to quantify the between-centre variation (i.e., cervical screening and centre ID were included in the model only). Second, a centre-level model was created by adding measured PHC centre characteristics to the null model. Third, a full model, with both centre and client characteristics, was developed. Potential interactions among centre-level and client-level characteristics were added in the full model in a stepwise manner and their significance was assessed, based on effect size and p-value (<0.05). Effect size, namely the odds ratios, and confidence intervals were used to assess the importance of each variable in the model. The reduction in the total model variance due to the addition of client-level variables to the centre-level model was calculated using proportional change in variance (PCV) [15] . 
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Results
Primary Health Care Centre and Client Characteristics
Characteristics of the 135 participating PHC centres are described in Table 1 . The PHC centres contributed records from multiple audits (between one and four), with a minimum of 37 participating centres in 2007-2008 and a maximum of 77 in 2011-2012. Most of the centres were located in very remote areas (73%) and in either Queensland (36%) or the Northern Territory (46%), were government-operated (73%), and had completed at least one follow-up audit after the baseline audit (49%). 
Notes: Abbreviations: 95% CI: 95% confidence interval; NR: non-remote; R: Remote; VR: very remote; NSW: New South Wales; WA: Western Australia; SA: South Australia. 1 Women are classified as having received a cervical screening test if a Pap smear is documented in the previous two years. 2 The percentages reported here represent the proportion of the 135 participating PHC centres that contributed audit records in each audit year. As centres may have participated in multiple audits (up to four), the total number of centres across audit years totals more than 100%. 3 Odds Ratio (Yes: No) of women receiving a PHC record of a Pap test in previous two years. 4 Adjusted for all centre-level variables in Table 1 and client-level variables in Table 2 using a multilevel logistic regression model. 5 Significant interaction between Location and Service Area Population size (NR: Non-remote, R: Remote, VR: Very remote). 6 Due to small cell sizes, NSW, WA, and SA were grouped into 'Other' jurisdiction. Jurisdiction was not included in the multivariable model as collapsing the variable made it difficult to interpret. 1 Women are classified as having received a cervical screening test if a Pap smear is documented in the previous two years. 2 Odds Ratio (Yes: No) of women receiving a PHC record of a Pap test in previous two years. 3 Adjusted for all centre-level variables in Table 1 and client-level variables in Table 2 using a multilevel logistic regression model. 4 We recommend caution in comparing Indigenous women to non-Indigenous women in this study due to the findings only being generalizable to women attending Indigenous PHC centres who voluntarily enrolled in the ABCD Partnership CQI program and a possible lack of broader documentation within records of clients with Indigenous status 'not-stated'.
In total, 3801 records of female clients were included in this analysis ( Table 2 ). On average, each centre contributed 34 audit records over the study period (range: 3-89). The mean age of the women at their last attendance in the audit period was 34 years (standard deviation (SD): 11years) and 89% were identified as Aboriginal and Torres Strait Islander women. For their last PHC centre visit, 78% attended in the previous six months and 18% of women saw an AHW as their first contact person.
Cervical Screening
Overall, the average cervical screening coverage rate across the participating centres was 50 percent (interquartile range (IQR): 29-67%). During 2005 and 2014 there was no significant change in the median proportion of women screened and the wide variation in the documented cervical screening coverage was maintained. For each audit year, between zero and three centres had no screening tests documented (median 1.2).
Before adjustment for potential confounders, PHC governance structure, centre location remoteness, and service population size were associated with cervical screening (Table 1) . Client characteristics significantly associated with having had cervical screening were women's age and timing of the previous PHC attendance ( Table 2) .
Multivariate Analysis
The null sequential multilevel model demonstrated a significant variation in cervical screening service delivery between PHC centres (variance: 1.01; standard error (se) = 0.17). This variation reduced by 40% after adjusting for centre-level characteristics (0.61; se = 0.11) but the addition of client-level factors did not reduce the variance further (0.63; se = 0.12).
There appeared to be a dose-response relationship between the number of CQI audits completed and the proportion of clients screened ( Table 1 ). Centres that had completed two or more audit cycles had a higher screening coverage than centres that had completed a baseline audit only. Primary health care centres in very remote locations had higher screening coverage, particularly for centres with service populations over 500 people; however, confidence intervals around the point estimates were wide ( Table 1) .
Women's age at their last PHC centre visit was also associated with cervical screening, after adjusting for centre-level and other client-level factors ( Table 2 ). Women age 25-29 years had the highest proportion screened and compared to this group, younger women (20-24 years) and older women, particularly those aged above 50 years, were less likely to have been screened in the previous 24 months.
Discussion
This study found wide variation across the participating PHC centres in the proportion of active female clients who had a cervical screening test in each two-year audit period. A high degree of between-centre variation has similarly been documented in other ABCD study investigating the variation in the delivery of other preventive care services [11, 16] , such as for sexually transmitted infections (STI) testing [17, 18] , cardiovascular care [19] , and diabetes care [20] . There were a small number of the PHC centres in the current study that, for some of the years, had no documented delivery of cervical screening tests, but for half of the centres the coverage rates ranged between almost one third (29%) and two-thirds (67%) of the women who attended at least once in the past two years. The AIHW's National Key Performance Indicator reports found similar between-centre variation in cervical screening coverage [6, 7] .
The variation in the delivery of cervical screening services across PHC centres in communities with predominately Aboriginal and Torres Strait Islander populations is an important finding. While Australia has among the lowest cervical screening incidence and mortality rates in the world, largely attributable to the NCSP, Aboriginal and Torres Strait Islander women have persistently higher rates of cervical cancer than other Australian women, with rates more similar to countries without organised screening programs. Given cervical screening is almost entirely offered through the PHC system in Australia, the identification of service factors associated with high and low PHC centre screening coverage provides opportunities to develop models of care and targeted service delivery improvement strategies that may reduce the prevailing inequities in cervical cancer in Australia.
Sustained participation in the CQI program appeared to be a key driver behind higher cervical screening coverage. Ongoing involvement in CQI has previously been associated with improved best-practice care related to diabetes [20] , maternal health [21] , child health [22] , and general preventive health [23] . CQI offers access to service-level data, and the tools required to assess and reflect on this data, to inform locally relevant strategies for service delivery improvements. Length of time in the CQI program may also reflect other characteristics of the centre that are related to improved best-practice care. While the centre-level factors measured in this study accounted for a reasonable proportion of the between-centre variation (40%), a large degree of variation remained unexplained. Organisational factors (e.g., staffing, organisational structure), the nature and degree of community linkages, the availability of systems and infrastructure to support ongoing CQI, and broader policy, workforce and environmental factors are likely to influence both a centre's capacity and capability to delivery healthcare services and their level of commitment to a CQI program [16, 17, 24] . The organisational structure and management style of the centre may play a particularly critical role in CQI participation. It has been reported that Indigenous PHC centres involved in the ABCD Partnership CQI program were more likely to have sustained participation in the program if, organizationally, the centre valued clinical data for service delivery improvement, believed necessary change was within their means, and had a whole-of-community approach to service delivery [25] .
We were unable to explore how the staff profile of centres impacts upon cervical screening coverage. There is evidence that having female practitioners and trained AHWs on staff to advocate for and perform cervical screening tests for screen-eligible women leads to increased breast and cervical screening participation [26, 27] . A shortage of female practitioners has previously been identified as a barrier to breast and cervical screening participation for Aboriginal and Torres Strait Islander women [26] , as well as Indigenous women in other countries [28] . In the current study, Indigenous PHC centres in very remote areas tended to record higher proportions of cervical screening than for centres in other areas; consistent with findings from the AIHW's National Key Performance Indicator reports [6, 7] . There is opportunity to learn from these centres and further investigation to identify key enablers of cervical screening is warranted. Possible reasons for higher levels of screening in remote health centres includes the relatively large female workforce in remote regions of Australia [29] , the utility of specific models that PHC centres in very remote areas have implemented in order to improve quality of care, and the different patterns of healthcare utilization-e.g., women in urban and regional areas may attend other services for their cervical screening while women in very remote areas may be more likely to rely on their local PHC centre for all their healthcare needs. As the majority of the PHC centres in this study were from very remote areas (73%), this may explain why the average cervical screening coverage rate was 50 percent across 2005-2014, compared to 31 percent in 2013-2014 among the centres involved in the National Key Performance Indicator report [7] .
The fact that one quarter of the centres were screening over two-thirds of their client-base, indicates that there is the potential for Indigenous PHC centres to reach a high level of coverage for Aboriginal and Torres Strait Islander women. While data derived through the CQI program can guide the design and implementation of locally relevant strategies to improve the delivery of, and reduce inequalities in, cervical screening, data at a systems level is also necessary to monitor and evaluate program-level changes. Recent changes to the new NCSP include the introduction of a new HPV Cervical Screening Test, an increase to the screening interval (2 years to 5 years), and the option for in-clinic self-sampling, and each of these factors are likely to impact on cervical screening delivery and participation [1] . As Australia aims towards effective elimination of cervical cancer [8] , population-level data to monitor trends and disparities will be critical if current inequities are to be reduced and not further widened [30] . Historically, monitoring cervical screening participation among Aboriginal and Torres Strait Islander women has been hindered by a lack of Aboriginal and Torres Strait Islander identification information on pathology report forms, which is the primary source of data for the jurisdictional registers [4] . While it remains unclear how the new NCSP and its national register will collect and record Aboriginal and Torres Strait Islander identification information, support for a structured CQI program is likely to lead to improvements in the delivery of evidence-based care. Additionally, aggregated CQI data from individual PHC centres can identify trends across areas and over time to inform broader health service planning and policy development [31] . Clearly, this is an important area that requires ongoing service innovation, evaluation, and actions to improve cervical screening, which requires both Aboriginal and Torres Strait Islander leadership and organisational capacity building [23] .
Although there appears to be an inverse relationship between age and cervical screening, client-level factors did not account for additional between-centre variation. In this study, women aged 25-29 years were most likely to have had a screen in the two-year audit period. Similarly, a Queensland population-based study found that participation was highest among women aged 30 to 49 years, with participation decreasing with age for those aged 50 years and older [4] . In the broader population, the higher cervical screening participation rate among 30-49-year-olds may reflect more women being opportunistically screened when presenting for ante-and post-natal care. However, in the current study, pregnant women and those in the first six weeks post-partum were excluded from the study, and the reason for the increase in screening among the 25-29-year-olds is unknown and warrants further investigation.
In this study, Aboriginal and Torres Strait Islander women were as likely to be screened as non-Indigenous women. In interpreting these results, however, we need to be cautious, as the centres included in this study were those who voluntarily enrolled in the ABCD Partnership CQI program. It is plausible that these centres may differ from non-participating centres in terms of factors that impact on the delivery of cervical screening [25] . In addition, data derived from CQI may aid PHC centres develop locally relevant community engagement activities, particularly for under-screened clients. Encouraging and supporting CQI processes across all PHC centres in Australia may be one mechanism through which the predicted elimination of cervical cancer in this country is achievable for all Australian women.
This study aimed to identify service-level factors associated with variation in the delivery of cervical screening across Indigenous PHC centres and, for several reasons, the coverage rate across the participating centres cannot be directly compared to previously published population cervical screening participation rates. The participation by PHC centres in the ABCD Partnership was voluntary and selection of centres was not random [9] . As such, the data may not be representative of all Indigenous PHC centres in Australia, and findings may not reflect cervical screening participation for women who attend non-participating centres, other types of PHC centres, or who do not use PHC services. This is likely to at least partially explain why the PHC cervical screening coverage rate was higher in this study than what has been reported in previous AIHW National Key Performance Indicator reports [6, 7] . This study excluded women who had major chronic conditions, were pregnant during the audit period, did not have stable residence within the community during the year prior to the audit, and who were not regular PHC clients (i.e., they had not attended a participating centre in the previous 24 months). These factors are likely to be associated with lower cervical screening participation and thus the exclusion of these women is likely to over-estimate the actual screening coverage within the communities included in this study. It is possible that the client eligibility criteria of the CQI program may have differentially excluded Indigenous and non-Indigenous women and, thus, direct comparison of these groups of women using these data are not advised.
Additionally, the data used for this analysis were-based solely on clinical records which could have underestimated actual services delivery. Failure to document services at health centres has been recognized in a previous study [32] , although use of systems to standardised data collection improves data collection [33] . De-identified data was provided by participating centres, in accordance with ethical approvals. This meant that we were unable to link women across audit periods to assess the person-level change in screening participation over time and determine factors associated with screening regularity. We also had to exclude some annual audits to avoid the double counting of women; as the then-current recommendation was to screen biennially, a single Pap smear would be captured in two consecutive CQI audits. This loss in data may have meant some women were missed in our analysis.
While these data considerations limit our ability to generalize the cervical screening coverage rate to all Australian PHC centres, the participating health centres represent a reasonably large proportion of all Indigenous PHC centres, are from a variety of locations across Australia, and have provided the most detailed and most consistent wide-scale data for Indigenous PHC centres to date. As such, this dataset provides an important advance on existing evidence regarding he scope of variation in service delivery performance and the factors associated with this variation. There is growing evidence that cervical screening participation is lower for Aboriginal and Torres Strait Islander women than other Australian women [5] , and that there is wide variation in the degree to which PHC centres offer this service [6, 7] . New evidence from this study provides support for wide-scale CQI policy and may inform the development of targeted service delivery improvement strategies and models of care that are capable of reducing the disparities in cervical cancer screening and outcomes for Aboriginal and Torres Strait Islander women.
Conclusions
Cervical screening among women attending Indigenous PHCs is variable, with some centres performing above the national average. This variation provides an opportunity to better understand the drivers of higher levels of service delivery in cervical cancer prevention and, given the relatively high coverage in very remote locations, we may be particularly able to learn from the models of care of centres in these areas. Sustained engagement in CQI has emerged as a clear driver behind primary health service delivery, not only for cervical screening but for other services. To maximize the benefit of CQI programs, it is now necessary to understand how organisational, environmental and system level factors moderate the relationship between CQI participation and service delivery. Indigenous PHC centres play a critical role in delivering cervical screening to Aboriginal and Torres Strait Islander women, who experience a disproportionate burden of cervical cancer. Strategies for improving the delivery of cervical screening by Indigenous PHC centres should be devised by, and for, Aboriginal and Torres Strait Islander women.
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